The developing brain is subject to modifying influences, both in utero and early postnatally. Some of these are intrinsic, such as gonadal steroids, while others are externally imposed, such as maternal nutrition or stress. All of these variables can have enduring consequences by imposing epigenetic modifications on the genome that alter set points for activation in adulthood, thereby reflecting early-life programming. In this review, we provide an overview of the most well studied epigenetic processes that occur in the brain. Next, we summarize the studies to date that have implicated gonadal steroids, stress exposure, and nutritional deficits/ excess in changes in neural epigenetic marks, which ultimately alter brain development, but we also note that this field is still in its infancy. Epigenetic regulators include DNA methylation, changes to the chromatin via acetylation and other chemical modifiers, and noncoding RNAs all of which impact the expression of specific genes. In this way gonadal steroids in the developing male fetus direct masculinization of adult brain and behavior, and similarly in utero exposure to a high-fat or calorie-restricted diet impacts glucose metabolism and body fat composition throughout life. Stress early in life changes the sensitivity of the hypothalamicpituitary-adrenal (HPA) axis to subsequent stressors and this too is mediated, at least in part, by epigenetic changes to key genes to alter the responsiveness threshold. Epigenetics is the integration of the environment and the genome, and hormones and nutrition provide the bridge that allows that integration to occur.
Introduction
Normal development of the central nervous system requires intricately orchestrated processes to seamlessly align, enabling proper patterning of cell types, cell-to-cell interactions, subregion development, and inter-and intraregion wiring to occur. Temporal and spatial control of gene expression and repression within the developing brain enables this remarkable complexity. A number of factors determine gene expression patterns during brain development, most notably genetic makeup, environmental influences, and epigenetic processes, which form a bridge between genes and the environment. Epigenetic modifications as important regulators of gene expression is not a new idea, as it dates back to Waddington in 1942, 1 but there has been a renaissance in the field of neuroscience where rapidly occurring changes to DNA and chromatin are emerging as key regulators of neural plasticity as well as enduring changes to brain and behavior. Neuroscience has also embraced the notion of early-life programming in response to environmental stimuli as a major determinant of adult health and disease. The set point of multiple homeostatic mechanisms is determined developmentally, and the
DNA methylation
Research on arguably the most well studied epigenetic process, DNA methylation, has traditionally focused on cytosine-guanine dinucleotide (CpG) methylation within a gene's promoter region, although DNA methyltransferase (DNMT) enzymes can covalently link methyl groups to cytosine residues outside of CpG sites 2, 3 and throughout the genome. 4 Genome-wide DNA methylation analysis has revealed that most CpG sites outside of regulatory regions are highly methylated, whereas methylation levels are comparatively lower in gene promoter and enhancer regions. DNA methylation has traditionally been associated with transcriptional repression, 5 and most research on DNA methylation continues to support its role in gene silencing. DNA methylation must occur at particular loci in the genome to be effective at transcriptional silencing, most likely in regions critical for transcription factor (TF) binding and loci where histone modifications interact with DNA modifications to chemically lock chromatin. Studies have shown that methylation at most TF binding sites can repress transcription; while at other sites methylation seems to have no effect on TF binding capability. 6, 7 By contrast, levels of DNA methylation in a gene's promoter, often, do not linearly relate to mRNA expression. 8, 9 Changes in DNA methylation in response to various stimuli can be detected in transcriptional regulatory regions and have no apparent correlation with gene expression, but instead may reflect past patterns of gene expression and are thus "vestigial" methylated regions. 10 Alternatively, promoter methylation may be more relevant to directing specific promoter use or even splice variants ( Figure 1 ). 11, 12 Several DNMT enzyme isoforms work together to establish and maintain DNA methylation patterns in the mammalian genome. De novo methylation is mainly implemented by DNMT3a and DNMT3b, which are critical for It is now becoming apparent that methylation can also direct promoter usage and hence isoform expression without an overall change in gene expression. Additional evidence suggests some genes are methylated after they have been heavily expressed and thus mapping of CpG's may reflect past history more than future gene expression potential. 
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Epigenetics in developing brain normal embryonic development. 13 Another member of the DNMT3 family, DNMT3L does not possess methyltransferase capabilities but can enhance the activity of DNMT3a and DNMT3b, stimulating and, perhaps, spatially directing de novo methylation during early development.
14 DNMT1 has traditionally been considered the "maintenance" methyltransferase, responsible for reproducing DNA methylation patterns established by the DNMT3 isoforms on hemimethylated DNA following replication and repair. This overly simplistic view of the roles of the DNMTs has been refined by several recent findings. 15 We now know that DNMT1 collaborates with DNMT3a and DNMT3b to establish de novo methylation patterns during development. 16, 17 Likewise, DNMT3a and DNMT3b also appear necessary for maintenance of DNA methylation patterns. [18] [19] [20] DNMT2 was perhaps poorly named, because it does not possess DNMT activity, 21 but is instead a tRNA methyltransferase. 22 Transcriptional regulation is independent of DNA methylation in organisms that express DNMT2 but lack the other DNMT isoforms, such as Drosophila melanogaster. 23 Years ago, DNA methylation was considered a permanent modification, as demethylation was thought to only occur passively as a consequence of failure to maintain methylation patterns following cell division. This view led many to believe that once established, DNA methylation patterns in the brain were constant, since cell genesis and differentiation were considered rare outside of development. However we now appreciate the dynamic nature of DNA methylation and active demethylation, particularly in the brain. 24 This new appreciation was facilitated by the discovery of the ten-eleven translocation (TET) proteins, which oxidize 5-methylcytosine (5mC) to 5-hydroxymethylcytosine (5hmC), 5-formylcytosine (5fC), and 5-carboxylcytosine (5caC), thereby creating targets for excision by DNA glycosylases. 25 Dynamism in DNA methylation is imperative during early embryonic development, 26 and demethylation plays a large role in tissue-specific differentiation. 27 
Histone modifications
Equally important for controlling gene expression are histone modifications, which are both dependent on and determine DNA methylation patterns. Histones are comprised of two copies of four core histone proteins, known as H2A, H2B, H3, and H4. DNA wound around this histone core forms the basic unit of chromatin, the nucleosome. Histones are subject to dynamic posttranslational modifications on the N-terminal tails. Histone modifications affecting chromatin structure include acetylation, phosphorylation, methylation, biotinylation, ubiquitylation, and sumoylation. The aptly named "histone code", or the specific positioning and combination of post translational modifications made to the histones, determines whether a particular stretch of DNA is in a repressed or transcriptionally accessible state. 28 Histone acetylation is a particularly well-studied modification in brain development. Chromatin is opened or tightened based on the activity of histone acetyltransferases (HATs) or histone deacetylases (HDACs), respectively, through addition or removal of acetyl groups from lysine residues on the N-termini of histone proteins. HATs and HDACs are recruited to specific sites on the chromatin by transcription factors, forming activator or repressive complexes. [29] [30] [31] Pharmacological and genetic studies have demonstrated the importance of dynamism in histone acetylation patterns during brain development, revealing in particular the importance of histone acetylation in neural cell fate and neuronal maturation. [32] [33] [34] Histone methylation is another critical modification for brain development. Location and titration of methyl groups on a histone's tail determines whether methylation acts to stimulate or repress transcription. Trimethylation of lysine 27 on histone H3 (H3K27me3) is known to be associated with transcriptional restriction at specific promoters, and is a key player in X-inactivation. 35 During forebrain development, retinoic acid signaling induces a pattern of H3K27me3 that initiates a neurogenic program in neural stem cells. 36 Trimethylation at lysine 9 (H3K9me3) is also a transcription silencing modification. Genetic deletion of demethylases that act at both H3K27me3 and H3K9me3 results in severe developmental defects in the brain. 37 
Noncoding RNAs
Only a small fraction of the mammalian genome is devoted to producing protein-coding messenger RNA (mRNA), however 70%-90% of the genome is transcribed during development and thereafter, producing a huge library of noncoding RNAs, 38 which are emerging as key players in epigenetic control of gene expression. MicroRNAs (miRNAs) are among the best studied noncoding RNAs involved in brain development. miRNAs are 19-23 bases long but cleaved from longer noncoding precursor RNAs known as primary miRNAs (pri-miRNAs), which are typically transcribed by RNA polymerase II. 39 While still inside the nucleus primiRNA hairpins are preprocessed by the enzyme Drosha (known as pre-miRNAs), 40 then exported from the nucleus via the double-stranded RNA binding protein, Exportin-5. 41 In the cytoplasm, pre-miRNAs are cleaved by the enzyme 
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Dicer to produce mature miRNAs. 42 In the mammalian brain, several hundred miRNAs are expressed at key time points during development 43 and can cause downregulation of gene expression by interacting with partially complimentary mRNA sequences, resulting in mRNA degradation and/or translational interference. 44 Single miRNAs can regulate hundreds of mRNAs, making these molecules potentially critical in controlling gene networks in the brain. miRNAs also appear to alter gene expression by interacting with other epigenetic processes, including directing DNA methylation, altering chromatin posttranslational modifications, and modulating translation in neuronal polyribosomes. 43 Another class of noncoding RNA, long noncoding RNAs (lncRNAs), has also recently received attention for its role in neurodevelopment. 45 lncRNAs are longer than 200 nucleotides, lack open reading frames, and are often polyadenylated. 46, 47 Like miRNAs, lncRNAs have the ability to interact with both complimentary nucleic acid sequences and proteins necessary for gene regulation, however lncRNAs also have the ability to fold into more complex and flexible secondary structures, providing greater diversity in both nucleic acid and protein sequence recognition and enables them to act as tethers between proteins. 48, 49 Remarkably, large-scale RNA sequencing studies have revealed that lncRNA expression patterns exhibit greater cell-type specificity than protein-coding RNAs.
50,51 Different lncRNAs are expressed at different stages of development and are likely key players determining cell fate. 46, 47 In the nucleus, the function of lncRNAs is to direct DNA methylation and histone modifications to specific locations on the chromatin, typically resulting in restricted gene expression. [52] [53] [54] lncRNAs can also contribute to activating the expression of specific genes by promoting histone modifications and stimulating enhancer regions to open chromatin structure.
55-57
Genomic imprinting in the brain
Epigenetic processes contributing to brain development take action as early as conception. Diploid offspring receive one copy, or allele, of every autosomal gene from each parent. The majority of alleles are equally expressed, however, in some cases duplicate alleles are silenced based on their parental lineage. Known as imprinted genes, the expression of these alleles is determined by their inheritance from either the parental sperm or egg genome. Imprinted genes are disproportionally active in the brain compared to other somatic tissues, suggesting their critical role in brain development and function. 58 Imprinted genomic regions have been shown to code for lncRNAs, which then act to silence imprinted regions through binding to complimentary sequences. 59 Early research on imprinted genes by Keverne et al 60 found that these genes are critical regulators of brain size, suggesting the presence of imprinted genes in the brain is likely necessary for neurodevelopmental processes. Genes that are maternal in origin tend to favor brain growth while paternal alleles do the opposite and limit brain growth. 61, 62 Moreover, cells expressing imprinted genes from a given lineage spatially localize to different regions of the developing brain. 60 Several studies have shown expression of imprinted genes can be cell-type specific, [63] [64] [65] further increasing the variety and impact of epigenetic regulation via imprinting.
Early-life programming Steroid hormones
Steroid hormones are powerful regulators of gene expression via their activation of a superfamily of nuclear transcription factors. Classically, steroid receptors recognize and bind to palindromic hormone response elements (HREs) coded in the promoter regions of target genes, but the impact of steroids is expanded by their association with large numbers of transcriptional activators and repressors. Included among these are several molecules with HAT activity, thereby increasing access to the DNA, and it was this feature that made them a natural candidate for consideration when evaluating potential epigenetic effects. Steroid receptors also exist in the membrane where they interact with a variety of kinases, G-protein coupled receptors (GPCRs), and ionic receptors to induce rapid signaling. Because of the direct and indirect association of steroids and their cognate receptors with DNA, there was sound reason to consider them in the context of enduring epigenetic effects (Reviewed in Nugent and McCarthy 66 ). Steroids relevant to the developing brain can be divided into those derived from the gonad and major determinants of sex differences in the brain, versus those derived from the adrenal and induced in response to stress. The prenatal period includes a mix of fetal and maternally derived steroids, with the former differing in males versus females, while maternal steroids impact both sexes equally. The placenta is an additional source of steroids that reach the developing fetus. Direct influence of the placenta ends at birth, but evidence for enduring imprints on the brain is emerging.
Gonadal steroids establish enduring sex differences in the brain via epigenetic mechanisms Sexual differentiation of the brain is an active process that occurs early in development as a result of higher levels of gonadal steroids in males compared to females, followed by 
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Epigenetics in developing brain a latent period during which steroids are low to undetectable in both sexes (ie, the juvenile period), and then a reawakening by the steroids produced at puberty. The behavioral and physiological endpoints associated with the reawakening are determined by the earlier differentiation, including an enduring pattern of dendritic spine density on preoptic area (POA) neurons, 67, 68 the morphology of astrocytes in the arcuate, and the dendritic branching frequency in the ventromedial nucleus of the hypothalamus. 69 The memory of this earlier differentiation is assumed to be, at least in part, the result of epigenetic changes to the genome of neurons and glia. In mammals, sex determination begins with the sry gene on the Y chromosome directing the differentiation of the bipotential gonad toward a testicular phenotype. In the absence of the sry gene, such as in an XX individual, the bipotential gonad differentiates into an ovary. Steroids and other factors produced by the testis versus the ovary will then direct the differentiation and organization of the reproductive tract and secondary sex characteristics. One of the steroid responsive target tissues is the brain, which becomes masculinized or feminized during a restricted sensitive window of development. Similar to the gonads, the brain is organized along a male phenotype by androgens produced by the testis in males, whereas in the absence of gonadal steroids (as in the ovary, which is quiescent early in development), the brain will be organized along a female phenotype. In the rodent, this process is initiated by a surge of androgen production from the fetal testis toward the end of pregnancy and enduring into the 1st day or so following birth. In primates, including humans, sexual differentiation of the brain occurs predominantly prenatally although circulating steroid levels are very high in newborn males (reviewed in Lenz et al 70 ). The consequences of a masculinized versus feminized brain becomes evident at puberty when behavior begins to diverge and is coordinated with reproductive status. Thus in our animal models, an animal with a masculinized brain will attempt to mount a receptive female, will be more aggressive, and will show higher anxiety levels than an animal with a feminized brain, regardless of the chromosomal sex or even the gonadal/reproductive tract sex. Feminized animals respond to mounts from a masculinized animal with a sexually receptive lordosis posture, provided they are in a physiologically receptive state. Sex differences in mating behavior and the associated brain regions are among the most robust, arguably because of the direct relevance to reproduction and therefore selective pressures.
An unsolved mystery regarding the establishment of sex differences in the brain has been the early time point at which steroids set the stage for adult responsiveness, what is often called the organizational/activational hypothesis of steroid action. 71 How do the effects of the steroid exposure endure across the period of juvenile and adolescent development when there are little to no gonadal steroids produced? What is the source of the cellular "memory"? Many of the variables that are modified by steroids in the male brain were originally considered terminal, ie, cell death, synaptogenesis, axonal growth, and dendritic branching. Even the terminology used reflected permanency as researchers referred to the blueprint created by steroids to alter the neuronal architecture. But we now understand that new neurons can be born in the adult brain, synapses come and go, and so do their attendant axons and dendrites, even nonneuronal proliferative cells such as microglia are important contributors to normal brain function. 72 Thus the mature brain is far more dynamic than previously realized. To our lab and several others, this suggested that there is an enduring memory that retains the masculine or feminine pattern of neuronal activity and the ideal source is steroid-induced epigenetic changes to the genome. 73 There are two ways to ascertain whether epigenetics directs sexual differentiation of the brain. The first is to simply look for sex differences in epigenetic marks such as chromatin modifications or DNA methylation. The second is to block or induce epigenetic changes in one sex and see if it mimics the phenotype of the other sex. Both approaches have proven informative but also raise many unanswered questions.
Hyperacetylation is associated with gene expression, and male rat pups were found to have significantly higher H3K9/14ac levels in the hippocampus and cortex than females. 74 Trimethylation at the same lysine residue on histone three (H3K9me3) is also associated with higher gene expression and it too was higher in males, but what genes were being expressed and the functional significance remains unclear. In contrast to H3K9me3, H3K4me3 (another histone modification associated with active transcription) was found to be higher in females in a related brain region, the principle nucleus of the stria terminalis (pBNST 75 ), and here the authors identified regulated genes by ChIP-Seq, resulting in far more robust and meaningful sex differences.
Using the second approach of identifying a sex difference in the brain and then determining if it is maintained epigenetically, Murray et al 76 determined a role for H3 acetylation in the control of cell death in the pBNST. The POA is a diencephalic subnuclei important to mating and affiliative, particularly maternal behaviors, and estrogens play a central role in these behaviors. The enzyme aromatase is rate limiting to estradiol production, and both the gene coding for aromatase (Cyp19a) and the alpha isoform of the estrogen receptor (Esr1) were found to have varying profiles of acetylation between the sexes and across ages, revealing a complex pattern of regulation. 77 A similar level of complexity was found when the DNA methylation profile of CpG islands in the promoters of both estrogen receptors (Esr1 and Esr2) and the progesterone receptor were examined by pyrosequencing in multiple brain areas and developmental time points. There were sex differences in the amount of CpG methylation, and methylation was regulated by steroids, but the pattern was not consistent over time, across brain regions or within the same sex, again suggesting a dynamic pattern that is not particularly predictive of gene expression. 9 More recently there have been attempts to identify novel genes that are regulated epigenetically to induce and maintain sex differences in brain and behavior. Using Reduced Representation Bisulfite Sequencing (RRBS), Ghahramani et al 78 examined the methylome in the BNST/POA and the septum of male and female rat pups and adults. They also examined the impact of treating neonatal females with a masculinizing dose of testosterone. Surprisingly they found neonatal hormonal modulation of DNA methylation did not manifest until the animals were adults, up to 60 days after the hormone exposure. This observation combined with the enduring but dynamic changes observed following gonadal steroid hormone treatment by other groups suggest we have much to learn regarding the relationship between hormonal signaling and epigenetic regulation.
In addition to histone modifications and DNA methylation, the newborn mouse brain displays many sex differences in miRNA expression, which are the result of a combination of chromosomal and hormonal differences. 79 miRNAs are sensitive to hormonal modulation during the critical period for sexual differentiation of the brain, and blocking the conversion of testosterone to estradiol in neonatal male mice leads to female-like patterns of miRNA expression in the brain. 80 The functional significance of these sex differences and hormonal modulation of miRNA remains to be determined but is an exciting area for future exploration.
Early-life stress alters the epigenome to alter stress axis programming
The ability of early-life stress to permanently reprogram the hypothalamic-pituitary-adrenal (HPA) axis is one of the most reliable examples of enduring physiological change from environmental influence during development. Earlylife stress can begin in utero by stress to the mother, or postnatally, which usually involves neglect or abuse by the mother. Francis et al 81 have modeled the impact of negligent maternal care using naturally occurring variation in the behavior of female laboratory rats toward their pups. Pups that are reared by a negligent mother become negligent mothers themselves, and those reared by a highly attentive mother are themselves attentive mothers, regardless of their genetic relatedness to the female that raises them. The methylation status of the promoter regions of the glucocorticoid receptor (GR) as well as the estrogen receptor in key brain regions involved in both the stress axis and maternal behavior are impacted by the maternal care received, and this is believed to form the basis for the transgenerational inheritance of behavior. 82, 83 Methylation pattern changes in the promoter of the GR assessed in postmortem hippocampi of humans suggest similarities in the sensitivity of this system to earlylife trauma. 84 In addition to trauma during childhood, early prenatal stress has also been shown to affect long-term outcomes of offspring through various epigenetic mechanisms. In mice, chronic variable stress during the 1st week of gestation induces long-term alterations in DNA methylation and gene expression of corticotropin-releasing factor (CRF) and the GR in male offspring, resulting in altered stress responsivity, anhedonia, and dysmasculinization. 85 This phenotype can be passed to the prenatally-stressed offspring (F2 generation) via the paternal lineage by altering miRNA content in sperm. 80, 86 The remarkable impact of stress across generations was also observed in the F1 and F2 offspring of mice exposed to olfactory fear condition, with acetophenone, prior to mating. The offspring of the fear-conditioned mice had reduced DNA methylation at the promoter for the acetophenone receptor, which was inherited through parental germ cells. 87 
Nutrition
In the early 1990s, Hales and Barker 89 found epidemiological evidence that lead to coining of the "Barker Hypothesis" (also known as the Developmental Origins of Health and Disease [DOHaD] Hypothesis, and the Thrifty Phenotype Hypothesis) which links adult-onset chronic health conditions, including neurodegenerative disorders, to in utero development. 88 Barker theorized that lack of suitable nutrition during early development alters an individual's developmental trajectory by preparing them for a lifetime of scarce nutritional resources and ultimately a shorter lifespan. 
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Epigenetics in developing brain applied to developmental stress, and more recently to steroids of gonadal origin, all having the common theme of early-life programming impacting adult functioning via epigenetic modification (Figure 2) .
Recent epigenetic studies support the Barker hypothesis' assertion that developmental defects in nutrition can lead to long-term health consequences for the developing individual, and also for their offspring. Obesity affects over one-third of the US adult population, 90 and is linked to myriad health problems, a decreased quality of life, and premature death. Although lack of physical activity and overconsumption of calories undoubtedly contributes to overweight and obese phenotypes, research in animals and long-term studies in human populations has illustrated that maternal obesity during pregnancy can have long-term consequences on offspring metabolism and body composition, leading to chronic illnesses such as liver dysfunction and cardiovascular disease. [91] [92] [93] [94] [95] Work from Dunn and Bale 96 has shown that maternal high-fat diet can alter glucose homeostasis and body length across multiple generations, likely by altering methylation of genes necessary for growth hormone signaling. Three generations after exposure to maternal high-fat diet, female, but not male, offspring still had significantly altered body composition. The phenotype was shown to be passed through the paternal lineage by genetic imprinting, suggesting that environmental stimuli can be programmed into the genome and transmitted to future generations. 97 Additional studies have found a link between DNA methylation and the perpetuation of obesity. Three generations of mice genetically predetermined for obesity were fed normal diets or mouse chow containing methyl supplements. While mice fed normal diets became progressively more obese across generations, mice fed diets inducing hypermethylation did not show transgenerational increases in obesity. 98 Exposure to a high calorie diet in utero may program developing reward circuits in the brain, resulting in lower DNA methylation on the promoters of dopamine and opioid signaling genes, resulting in long-term changes in reward circuit gene expression and enhanced preference for palatable foods. 99 Caloric restriction as a result of famine, poor nutrition, or maternal dieting can also have long-term effects on developing offspring. A moderate (30%) reduction in caloric intake during pregnancy was shown to have marked effects The yin and yang of epigenetics and brain development. Notes: Many environmental and intrinsic factors regulate epigenetic modification and exert enduring effects on the brain and body, which can be both positive and negative. For instance, imprinting is a form of epigenetic regulation involving parent of origin allelic expression and in some cases paternally imprinted genes select for smaller brain size compared to maternally imprinted genes which favor brain growth. Early-life abuse, which is mostly from the mother in our animal models, can permanently change adult behavior by altering anxiety levels and stress responding. Gonadal hormones organize the developing brain, with testosterone from the male testis directing the process of masculinization leading to adult male sexual behavior, whereas in developing females there are low levels of steroids and the brain is feminized as a result. Nutrients experienced in utero may alter epigenetic marks to prepare the developing fetus for a future life of plenty or deprivation by programming metabolic and feeding pathways. on primate brain development by decreasing cell proliferation, increasing cell death, and slowing neuronal maturation, without reducing fetal brain or body weight and having only a marginal impact on maternal weight. 100 Like maternal high-fat diets, maternal caloric restriction can result in sexspecific effects on offspring. 101, 102 Interestingly, rodent models of malnutrition during pregnancy often produce similar phenotypes in offspring as maternal high-fat models, where offspring display glucose intolerance and obesity. 103 Similar to overconsumption models, the transgenerational impact of malnutrition is also passed along the paternal germline through alterations in DNA methylation. 104, 105 Deficiencies in additional nutritional requirements, such as iodine, during pregnancy can also lead to neurodevelopmental insults. Iodine deficiencies commonly cause hypothyroidism resulting in low maternal thyroxine during early pregnancy, a period during which the fetus relies on maternal sources of thyroid hormones. Low maternal thyroxine is well known to cause fetal brain damage, in severe cases resulting in mental retardation and cerebral palsy. Experimentally-induced iodine deficiency and hypothyroidism results in altered cellular migration, gliogenesis, and cytoarchitecture in the developing cortex and hippocampus. 106, 107 Genes important for neural development such as brain-derived neurotrophic factor (BDNF) and reelin, which controls cellular migration and interactions, are regulated by thyroid hormones developmentally. 108, 109 Methylation of BDNF and reelin is increased in the hippocampus of the offspring of hypothyroid rats and acetylation is decreased at the promoters of these genes, 110 once again suggesting that in utero hormones can have long-term impacts on brain development via epigenetic mechanisms.
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Additional thoughts
Epigenetic modifications to the developing brain are a double-edged sword. On the one hand, the brain's developmental trajectory is modified in anticipation of the future environment, thereby maximizing adaptability and possibly resilience in the face of challenging circumstances. On the other hand, the predictability of the future environment is not precise, and a mature individual may be burdened by an epigenetic profile that is no longer optimal for the current conditions. This can cut both ways, circumstances may now be challenging in comparison to an idyllic development, leaving the individual unprepared, or conversely, the threats that previously existed may now be gone but the individual remains hypervigilant, easily stressed, and/or metabolically preparing for starvation in the face of ample nutrients. The good news is that epigenetic modifications are not permanent, at least not in the brain. Indeed they are far more labile than originally believed possible. This means that as adults an individual can continue to adapt to their immediate environment, or perhaps remove and modify previously suboptimal epigenetic modifications. But how, when and why this is achieved remain open questions.
Unlocking the secrets of the epigenome has the potential to enormously impact human health and disease. Adverse conditions that may inadvertently hamper an individual's future well-being may have occurred in utero or shortly after birth, a time distantly removed from the present circumstance and one certainly out of the individual's control. Sometimes, simply knowing that early-life adversity impacts adult health and well-being by altering the epigenome aids an individual in developing coping strategies. Ultimately, however, we would like to provide therapeutic and behavioral strategies that erase or reverse deleterious epigenetic programming, and perhaps even provide a new healthier profile. Just as we encourage healthy eating to maintain an appropriate body weight, healthy thinking may also improve brain functioning. But disordered thinking cannot be simply wished away. Mental health disorders such as depression, obsessive-compulsive disorder, posttraumatic stress disorder and so on, are organic phenomenon with biological origins. A combination of pharmacological and behavioral therapies is emerging as the most effective treatments for long-term modifications. This is also true in areas of weight control where bariatric surgery is most successful when combined with behavioral modification. One can speculate this is because the combination of approaches maximizes epigenetic profile changes, although this remains to be seen. Regardless, the challenge is to adapt our health care system to recognizing the totality of treatment and its enduring consequences, which includes changes at the level of the genome.
Summary
This review has attempted to provide a comprehensive and up-to-date discussion of our current understanding of epigenetic control of brain development in the context of hormonal and nutritional influences. However, like the early stages of a Seurat painting, our picture consists mostly of individual points with no coherent image. The brain is a collection of diverse but interconnected regions each made of diverse but interconnected cell types. None of the current techniques used to interrogate epigenetic changes in the developing brain have considered cell diversity as a variable, 
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Epigenetics in developing brain and many more brain regions are left unexplored than have been currently examined. Moreover, there is no coordinated attack on histone and DNA modifications within one brain region, cell type or even behavioral response. Instead we have individual investigators exploring their own particular system in isolation. But this is often the case during the early days of a new (old, but newly rejuvenated) field. With additional studies, new technologies and an improved sophistication in our understanding of the dynamics of epigenetics in the brain over all, we will add more and more points to the canvas and eventually, hopefully soon, a clear and pleasing picture explaining how epigenetics establishes and maintains early-life programming of the brain, will emerge.
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